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1.0  INTRODUCTION 
 
Water & Environmental Technologies (WET) conducted a geotechnical investigation of the 
Northwest Catch Basin at the Cow Palace Dairy to determine soil conditions necessary to design 
the lagoon liner system. Figure 1 shows the Northwest Catch Basin location. WET drilled four 
boreholes at the Northwest Catch Basin and collected samples from each borehole. Figure 2 
shows the borehole locations. This report summarizes the geotechnical findings from the 
investigation.  
 
2.0 SOIL CONDITIONS 
 
Soil lithology was determined using Standard Penetration Test (SPT) methods per ASTM D1586 
in each borehole. Test pits were not dug within the lagoon footprint because the lagoon was full. 
Soil samples were also collected at certain intervals and tested for following parameters: 
 

o ASTM D422 - Particle-Size Analysis of Soils 
o ASTM D698 - Laboratory Compaction Characteristics of Soil Using Standard Effort 

(12,400 ft-lbf/ft³ (600 kN-m/m³)) 
o ASTM D4318 - Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
o ASTM D3080 – Standard Test Method for Direct Shear Test of Soils Under 

Consolidated Drained Conditions 
 
Lithology was consistent across the site. Generally, the lithology consisted of light brown silt with 
trace gravel in the upper/surface layer, which was underlain by a silty gravel layer in the middle, 
and another light brown silt layer in the bottom. Table 1 summarizes the lithology intervals. 
Borehole logs are in Appendix A. Soil lithology is consistent with local geology. 
   

Table 1. Borehole Lithology 
Lithology BH-1 BH-2 BH-3 BH-4 

Light brown silt w-trace gravel 0-7 ft 0-18 ft 0-22.5 ft 0-10 ft 
Silty gravel 7-23 ft 18-31.5 ft 22.5-29.5 ft 10-22 ft 
Light brown silt 23-31.5 ft NS 29.5-31.5 ft 22-31.5 ft 

NS – Not sampled, total depth was 31.5 ft 

 
Standard penetration resistance (N) values were collected with an auto-hammer, which is 
typically 80% efficient. The N values were corrected for depth and the ASTM standard 60% 
efficiency. The corrected N values for the upper silt layer ranged from 9 to 47, which indicates a 
stiff to hard soil profile. Corrected N values for the middle gravel layer ranged from 20 to >50, 
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which indicates a medium dense to very dense soil profile. Corrected N values for the lower silt 
layer ranged from 24 to 47, which indicates a very stiff to hard soil profile.  
 
Soil samples were collected from each borehole; however, since the lithology was consistent in 
each borehole, tests were conducted on three samples, one from each lithological unit. The 
sample results are summarized in Table 2.  Bulk samples from cuttings and discrete SPT samples 
were analyzed for samples SB-NWCB-1 & 2; however, cuttings from the lower silt layer were 
insufficient to collect adequate volume to perform the standard compaction tests to determine 
the maximum dry density and optimum moisture. Soil test data is in Appendix B. 
 
Table 2. Borehole Soil Sample Results 

Sample ID Sample 
Interval Lithology USCS 

Classification 
Atterberg 

Limits 
Max Dry 
Density 

Optimum 
Moisture 

SB-NWCB-2 BH-2, 0-18 ft 
Light brown 
silt w-trace 

gravel 
ML Non-

Plastic 112.6 pcf 14.2% 

SB-NWCB-1 BH-1, 7-23 ft Silty gravel GM Non-
Plastic 133.1 pcf 8.3% 

SB-NWCB-
Composite 

BH-1, 23-31.5 
BH-3, 29.5-31.5 
BH-4, 22-31.5 

 Light brown 
silt ML Non-

Plastic NA 

NA – not analyzed due to insufficient sample volume 

 
Results from the Direct Shear tests were used to calculate the soil friction angle (Φ) and cohesion 
(C) of each soil type. Table 3 summarizes the calculated soil friction angle and cohesion values. 
 

Table 3. Soil Friction Angle and Cohesion 
Sample Lithology Φ C 

SB-NWCB-2 Light brown silt w-trace gravel 38˚ 30 psf 
SB-NWCB-1 Silty gravel 38˚ 520 psf 
SB-NWCB-Composite Light brown silt 34˚ 420 psf 

 
Direct Shear test results are in Appendix C.  
 
3.0 GEOTECHNICAL ANALYSIS AND RECOMMENDATIONS 
 
The Direct Shear test results indicate the minimum soil friction angle is 34˚. The lagoon side slopes 
should be no greater than 23˚, or 2/3rds the minimum soil friction angle. 
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Allowable bearing capacity of the upper silt layer is 2,220 psf, middle gravel layer is 5,000 psf, 
and the lower silt layer is 6,300 psf. These bearing capacities allow up to 1-in of settlement. Since 
the weight of the sludge and water will be lighter than the native soil that will be excavated for 
construction, and the soils are non-plastic, large-scale settlement is not expected to be an issue. 
 
The subgrade at all locations should be evaluated and proof-rolled with compaction equipment 
prior to placement of fill. Soft or yielding zones of unsuitable material should be over excavated 
and replaced with structural fill. Prior to structural fill placement, the upper 8 inches of subgrade 
should be scarified, moisture conditioned, and compacted to a minimum of 95% maximum dry 
density at ±2% optimum moisture content per Standard Proctor (ASTM D698).  
 
Structural fill should meet the gradation specifications in Table 4. The liquid limit for the portion 
passing a No. 40 sieve may not exceed 25 and the Plasticity Index may not exceed 6 per ASTM 
D4318. Excess spoils from construction may be used as structural fill if it’s meets the structural 
fill requirements.   
 

Table 4.  Suitable Structural Fill Gradation 

Size Percent Passing 

3 inch 100 % 

No 4 Sieve 25-60 % 

No 40 Sieve 10-30 % 

No 200 Sieve 2-10 % 

 
Fill should be placed in maximum 8-inch loose lifts and compacted to a minimum of 95% 
maximum dry density at ±2% optimum moisture content per Standard Proctor (ASTM D698). For 
a material that does not exhibit a well-defined moisture density curve, a minimum of 75% of 
relative density according to ASTM D4253 or D4254 is required. 
 
Quality control is essential during fill placement. Frequent compaction testing and consistent 
placement procedures with properly sized compaction equipment are required. If density test 
indicate compaction is not being achieved, the fill should be scarified, conditioned to near 
optimum moisture content, re-compacted, and re-tested. No fill should be placed in a frozen 
state or upon frozen subgrade.  
 
All temporary excavation must conform to OSHA Standards for Excavations, 29 CFR Part 1926.652 
Appendix B to Subpart P. Based on field observations, laboratory tests and OSHA guidelines, the 
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majority of the soils at the site are classified as Type C using OSHA classification system. Type C 
soils require excavation slope angles not to exceed 1.5 H to 1 V (horizontal to vertical) or be 
shored.  
 
The nature and extent of subsurface variations and groundwater condition between boring 
locations may not become evident until construction. Soil conditions should be evaluated at the 
time of construction by the contractor’s responsible person to ensure compliance to OHSA 
requirements. The stability of the construction excavations and associated worker safety is the 
responsibility of the contractor 
 
4.0 LIMITATIONS 
 
The geotechnical recommendations in this report are based on a limited site investigation with 
boreholes. Variable subsurface conditions may exist that differ from what was encountered in 
the boreholes. If site conditions during construction differ from what this geotechnical report 
indicates, WET should be contacted immediately so a site evaluation can be completed and 
alternate recommendations can be provided. 
 
Any conclusions by a construction contractor or bidder relating to construction means, methods, 
techniques, sequences, or costs based upon the information provided in this report are not the 
responsibility of WET. 
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BORING LOG
480 East Park Street
Butte, MT 59701
Phone: 406-782-5220
Fax: 406-723-1537

Project Name:     Cow Palace Geotechnical Investigation  

Borehole Location:     Northwest Catch Basin  

Drilling Equipment:     HSA 

Drilling Fluid:     NA 

Hammer Type:     Auto 

Borehole Diameter (in):   8  

Project Number:     CowPalM01  

Borehole Number:     BH-3 Sheet:    1

Driller:     Holt Services 

Date Started:     5/17/2016

Logger: John Trudnowski 

Date Finished:     5/17/2016
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BORING LOG
480 East Park Street
Butte, MT 59701
Phone: 406-782-5220
Fax: 406-723-1537

Project Name:     Cow Palace Geotechnical Investigation  

Borehole Location:     Northwest Catch Basin  

Drilling Equipment:     HSA 

Drilling Fluid:     NA 

Hammer Type:     Auto 

Borehole Diameter (in):   8  

Project Number:     CowPalM01  

Borehole Number:     BH-4 Sheet:    1

Driller:     Holt Services 

Date Started:     5/17/2016

Logger: John Trudnowski 

Date Finished:     5/17/2016
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PROJECT: Cow Palace NW Catch Basin Geotech. Investigation JOB NO: 20170248  T 01L

LOCATION: WORK ORDER NO:

MATERIAL: LAB NO: 12422

SAMPLE SOURCE: SB-NWCB-2 DATE SAMPLED: 5/25/2016

SAMPLE PREP.: Remolded

NORMAL LOADS (ksf): 1000 2000 4000

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS(ASTM D3080)
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Kleinfelder, 14710 NE 87th Street Suite 100, Redmond, WA 98052 o|425.636.7900 f|425|6367901 

www.kleinfelder.com



(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Fine Light Brown Silt
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7/8/2016

Nick Averill

Nick Averill

Laboratory Supervisor

Water Environmental Technology

Cow Palace NW Catch Basin Geotechnical Investigation

20170248
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PROJECT: Cow Palace NW Catch Basin Geotech. Investigation JOB NO: 20170248  T 01L

LOCATION: W.O. NUMBER:

MATERIAL: 0 LAB NO: 12423

SAMPLE SOURCE: SB-NWCB COMPOSITE DATE SAMPLED: 5/25/2016

SAMPLE PREP.: Remolded

Initial thickness of specimen (in.): 1.00 1.00 1.00

Initial diameter of specimen (in.): 2.50 2.50 2.50

Rate of deformation (in/min): 0.0005 0.0005 0.0005

Direct shear point: 1 2 3

Dry mass of specimen (g): 138.7 140.7 140.3

Initial Moisture Content: 15.0% 15.0% 15.0%

Initial Wet Density (lb per cu.ft): 123.7 125.5 125.1

Initial Dry Density (lb per cu.ft): 107.6 109.1 108.8

Final Moisture Content: 23.3% 23.3% 23.3%

Final Wet Density (lb per cu.ft): 131.9 134.2 134.2

Final Dry Density (lb per cu.ft): 106.9 108.4 108.2

Normal Stress (kips per sq. ft): 1000.00 2000.00 4000.00

Max Shearing Stress (kips / sq. ft): 1.20 1.60 3.16

Vert Deformation @ Max Shear (in): 0.006 0.002 -0.001

Horiz Deformation @ Max Shear (in): 0.146 0.027 0.212

Shearing device used:

Created by DigiShear Version 3.1.3; Copyright 2004, GEOTAC

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS (ASTM D5607)
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PROJECT: Cow Palace NW Catch Basin Geotech. Investigation JOB NO: 20170248  T 01L

LOCATION: WORK ORDER NO:

MATERIAL: LAB NO: 12423

SAMPLE SOURCE: SB-NWCB COMPOSITE DATE SAMPLED: 5/25/2016

SAMPLE PREP.: Remolded

NORMAL LOADS (ksf): 1000 2000 4000

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS(ASTM D3080)
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Direct Shear Test Results 

 



0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500

Sh
ea
r S

tr
es
s 
(p
sf
)

Normal Stress (psf)

Direct Shear Results (SB‐NWCB‐1)

Silty gravel (GM)
Φ = 38˚
C = 520 psf



0

500

1,000

1,500

2,000

2,500

3,000

3,500

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500

Sh
ea
r S

tr
es
s 
(p
sf
)

Normal Stress (psf)

Direct Shear Results (SB‐NWCB‐2)

Silt w/trace gravel (ML)
Φ = 38˚
C = 30 psf



0

500

1,000

1,500

2,000

2,500

3,000

3,500

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500

Sh
ea
r S

tr
es
s 
(p
sf
)

Normal Stress (psf)

Direct Shear Results (SB‐NWCB‐Composite)

Silt  (ML)
Φ = 34˚
C = 420 psf


	1.0  INTRODUCTION
	2.0 SOIL CONDITIONS
	3.0 GEOTECHNICAL ANALYSIS AND RECOMMENDATIONS
	4.0 LIMITATIONS
	SC-SM02-GEOTECH-COWPALM01-Figure 1.pdf
	Sheets and Views
	Figure 1


	SC-SM02-GEOTECH-COWPALM01-Figure 2.pdf
	Sheets and Views
	Figure 2


	Appendix A - Borehole Logs.pdf
	SC-FG02-COWPALM01-BH-1
	Sheets and Views
	BH-1


	SC-FG02-COWPALM01-BH-2
	Sheets and Views
	BH-2


	SC-FG02-COWPALM01-BH-3
	Sheets and Views
	BH-3


	SC-FG02-COWPALM01-BH-4
	Sheets and Views
	BH-4



	Appendix B - Soil Sample Data.pdf
	20170248.001 - 12421 Water Environmental Technology 07.12.2016
	20170248.001 - 12421 Water Environmental Technology 05.25.2016 Sieve
	20170248.001 - 12421 Water Environmental Technology 07.12.2016 Proctor
	20170248.001 - Water Environmental Technology - 12421 Direct Shear
	20170248.001 - Water Environmental Technology - 12421 Plots

	20170248.001 - 12422 Water Environmental Technology 07.12.2016
	20170248.001 - 12422 Water Environmental Technology 07.12.2016 Sieve-Hydrometer-Limits
	20170248.001 - 12422 Water Environmental Technology 05.25.2016 Proctor
	20170248.001 - Water Environmental Technology - 12422 Direct Shear
	20170248.001 - Water Environmental Technology - 12422 Plots

	20170248.001 - 12423 Water Environmental Technology 07.12.2016
	20170248.001 - 12423 Water Environmental Technology 07.12.2016 Sieve-Hydrometer-Limits
	20170248.001 - Water Environmental Technology - 12423 Direct Shear
	20170248.001 - Water Environmental Technology - 12423 Plots


	Appendix C - Direct Shear Results.pdf
	NWCB-1 Direct Shear
	NWCB-2 Direct Shear
	NWCB-comp Direct Shear


